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In many models of CP violation, the electric dipole moments (EDMs) of leptons scale
as the cube of the lepton mass. In these models, the EDM of a 100 GeV heavy lepton
would be a billion times greater than that of the muon, and could be as large as a
0.01 e-fermi. In other models, in which the heavy leptons have different properties from
the lighter generations, a similarly large EDM can be obtained. A large EDM could
dominate the electromagnetic properties of heavy leptons. The angular distribution and
production cross-section of both charged and neutral heavy leptons with large dipole
moments is calculated and discussed. The interesting possibility that a heavy neutrino




The origin of the fermion masses and mixing angles remains a mystery. Many models for
explaining their values exist, most involving additional symmetries, but it will require
additional experimental data to distinguish between them. Much of the excitement about
the discovery of neutrino masses and mixing angles is due to the hope that their values
will provide clues toward solving the mystery of flavor.
Another potential source of information may come from electric and magnetic dipole
moments. These moments may also reflect the flavor structure of the model. Just as the
Yukawa couplings form a matrix in generation-space, the interaction of two fermions with
a photon will also be a matrix in generation-space. The real and imaginary parts of the
diagonal elements will lead to the magnetic and electric dipole moments; the off-diagonal
elements will lead to decays such as µ → eγ. Measurements of these moments will
give valuable clues towards understanding flavor physics, and will give hints of physics
beyond the standard model (as demonstrated by the great excitement over the apparent
discrepancy[1] with the muon’s magnetic dipole moment).
In this paper, I will focus on the electric dipole moments (EDM’s) of leptons. Here,
there is the possibility of substantial improvement in the experimental bounds (or discov-
ery) in the near future. A recently approved experiment[2] expects to lower the current
bound[3] on the electron EDM of 4.3× 10−27 e-cm to at least 10−29 e-cm and possibly a
couple of orders of magnitude better. The muon EDM limit[4] is now 1.1× 10−18 e-cm,
but proposals to lower this by six orders of magnitude exist[5]. The tau limit is now
listed[6] at 3× 10−16 e-cm, but combining limits on the weak dipole moment with U(1)
symmetry improves that by a factor of thirty[9].
What values might one expect for the EDM’s? In the Standard Model, the EDM’s
are extremely small[10]. However, in most extensions of the Standard Model, they are
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substantially larger. In multi-Higgs models, the EDM of the muon can be as large[11] as
10−24 e-cm, and thus within reach of currently planned experiments. In leptoquark mod-
els, the muon and tau EDMs are typically 10−24 e-cm and 10−19 e-cm, respectively[12].
In left-right models[13], the muon EDM is typically 10−24 sinα e-cm, where α is a phase
angle. In the MSSM[14], the electron EDM is somewhat above the experimental bounds
if the phases are all of order unity. Thus, we see that a wide variety of models give EDMs
that can be observed in the next round of experiments.
Recently, Babu, Barr and Dorsner[15] discussed how the EDM’s of leptons scale with
the lepton masses. In many models, such as the MSSM, they scale linearly with the
mass. However, in a number of models, such as some multi-Higgs, leptoquark and flavor
symmetry models, the EDM scales as the cube of the lepton mass. In these models the
tau EDM will be 5, 000 times larger than the muon EDM. (It should be noted that the
electron EDM in some of these models receives a two-loop contribution which only varies
linearly, and thus it need not be negligible.)
The purpose of this paper is to point out that if a fourth generation lepton doublet
exists, then reasonable models exist in which one would expect an enormous EDM.
For example, in models with cubic scaling, a muon EDM in the expected range, dµ =
10−24 e-cm, would mean that a 100 GeV lepton would have an EDM of 0.01 e-fermi.
Such an EDM will dominate the electromagnetic interactions, dramatically changing the
phenomenology of such leptons. Even more interesting is the possibility that the heavy
neutrino (also expected in the 100 GeV range) could have an enormous EDM, leading to
the question of whether such a neutrino could leave an ionization track.
How realistic is the possibility of such a large EDM for a heavy lepton? A specific
model with a cubic scaling is the model of Bernreuther, Schroder and Pham[7], in which
CP violation occurs in the Higgs sector. In this model, the EDM of a heavy lepton (they
considered the top quark, but the results are similar) is constrained by the electron EDM
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and loop diagrams, and the maximum EDM for a heavy lepton is a factor of 100 below
0.01 e-fermi. In other models, such as the model of Ref. [15] in which one has their
parameter c = 0, the electron EDM does not pose such a constraint and a large EDM
is allowed. If we do not rely on any specific model, then if one simply assumes that
CP violation is due to new physics at a TeV scale, and writes an effective dimension-
five Lagrangian as c
Λ
LLσ
µνiγ5LRFµν , then the added assumption that all particles with
O(100) GeV masses have couplings of O(1) (which is true for the W , Z and top quark)
results is a very large EDM of the order of 0.01 e-fermi.
As an existence proof, one could assume that the fourth generation leptons form
a vectorlike isodoublet. This could explain the large neutrino mass. If they couple
to singlet Higgs fields with large, complex VEVs, then a large EDM could easily be
generated. Such a model is not a cubic scaling model–the EDMs of the light fermions
remain negligible. Our main point is that such a large EDM is certainly not excluded,
and we thus investigate its consequences.
2 Heavy Lepton Production
The most dramatic effect of a large EDM of a heavy lepton will be in the production
cross-section and angular distribution. As pointed out by Escribano and Masso[9], the
U(1) invariant effective operator giving an EDM is given by LLσ
µνiγ5LRBµν, where Bµν
is the U(1) field tensor. This will lead to a coupling to the photon, which we define to be
the EDM, as well as a coupling to the Z which is given by the EDM times tan θW . We
will include this coupling to the Z (although, in practice, it has a very small effect on the
results presented). It is important to point out that this is an assumption. One could
also include an operator coupling to the SU(2) field tensor, leading to a very different
value for the Z−EDM . Rather than deal with two parameters, however, we just assume
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that the latter operator is smaller. If it is large, it will (barring fine-tuning) just make the
cross-section even bigger. Note that the precise value of the Z−EDM , unless it is much
larger than we have assumed, has very little effects on the results. The lepton-lepton-
photon interaction is −ieψ(γµ +Dσµνγ5qν)ψAµ, where q is the momentum-transfer. The
electric dipole moment is defined to be eD(q2 = 0). We will assume that D(q2) does not
vary rapidly with q2, as is the case in virtually all models.
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In these expressions, we have dropped terms proportional to C2V since they are nu-
merically negligible. This result is plotted in Figure 1, for M = 100 GeV and for different
values of the EDM (in units of e-cm). Changing the lepton mass does not change the
qualitative feature of the results. We see that for D = 0, the usual 1 + cos2θ + C cos θ
5
